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Abstract: Objective Whether statins can slow down the progression of chronic kidney disease (CKD) remains controversial. 
We performed a meta-analysis to evaluate the effects of statin therapy on disease progression in adult patients with CKD who 
did not require dialysis therapy. Methods We searched the electronic databases for relevant randomized controlled trials 
(RCTs) published by February 2015. Random-effects meta-analysis of RCTs was used to pool the renal outcomes of the 
patients. Results Twenty-eight studies (30 RCTs) involving a total of 45 688 participants were included in the analysis. 
Compared with the control groups, statins produced no effects in preventing end-stage renal disease (ESRD) [relative risks 
(RR) 0.98, 95% confidence intervals (CI): 0.91-1.05] and in reducing the risk of doubling of the serum creatinine level (RR 1.43, 
95% CI: 0.26-7.79). Statin therapy was associated with a lowered risk of estimated glomerular filtration rate (eGFR) reduction 
by 25% or more (RR 0.91, 95% CI: 0.83-0.99) and delayed the reduction of eGFR [standardized mean differences (SMD) 0.04, 
95% CI: 0.02-0.07]. In subgroup analyses, the benefit of statins on changes in eGFR was statistically significant in patients with 
moderate CKD (SMD 0.09, 95% CI 0.04-0.13). Among different statins, atorvastatin was associated with a beneficial effect on 
kidney function (SMD 0.10, 95% CI 0.03-0.17). Patients who received high-intensity statin therapy showed significant changes 
in eGFR (SMD 0.12, 95% CI: 0.02-0.21). Conclusion Statin therapies may not prevent ESRD or doubling of serum creatinine 
level, but can improve GFR or delay the reduction of GFR in CKD patients. The therapeutic effects are associated with the 
patients' baseline eGFR levels, statin types and therapy intensity. 
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INTRODUCTION 


Chronic kidney disease (CKD) is associated with 
an increased risk of mortality, cardiovascular events, 
hospitalization and increased healthcare costs |". 
Patients with CKD often have dyslipidemia “®, which 
plays an important role in the progression of kidney 
disease “* Statins, inhibitors of ` 3-hydroxy-3- 
methylglutaryl CoA reductase that is essential for 
cholesterol synthesis, are not widely used in patients 
with CKD 7. Accumulating evidence from a variety of 
animal models suggests a role of statins in delaying the 
progression of kidney disease”'”, which is attributed to 
their pleiotropic effects independent of their 
lipid-lowering effects"! But so far the effect of statins 
on the progression of CKD remains controversial. 
Previous meta-analyses of randomized trials indicated 
that statin therapy modestly reduced proteinuria and the 
rate of kidney function loss ™® with a renoprotective effect 
in CKD patients "” ™, According to a Cochrane 
systematic review, statin use can improve cardiovascular 
outcomes and prevent future cardiovascular events, but 
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have uncertain effects on the progression of kidney 
disease "™. The recent Study of Heart and Renal 
Protection (SHARP) trial of a wide range of patients with 
CKD showed that lowering low-density lipoprotein 
cholesterol (LDL-C) with daily simvastatin (20 mg) plus 
ezetimibe (10 mg) did not slow kidney disease 
progression within 5 years”. Given these divergent 
data, we performed a meta-analysis to evaluate whether 


statins can slow kidney disease progression in patients 
with CKD. 


METHODS 
Data sources and search strategy 


We searched PubMed, EMBASE, Medline, and the 
Cochrane Central Register of Controlled Trials 
(CENTRAL) for relevant studies published in English 
by February, 2015 using following terms: "kidney 
disease", "kidney failure", "chronic kidney disease", 
"CKD", "chronic renal failure", "dyslipidemia", 
"hypercholesterolemia", "hyperlipidemia", "HMG-CoA 
reductase inhibitors", "HMG-CoA reductase inhibitor" 
and "statins". Unpublished studies were also searched 
in the reference lists of the retrieved articles, in 
conference proceedings and at https://clinicaltrials.gov/. 
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Study selection 


We included all the RCTs and quasi-RCTs with a 
duration of observation for at least 3 months in adult 
patients with CKD, including subgroup studies of adult 
patients with CKD recruited within large-scale statin 
trials. We also included studies that compared statins 
with placebo, non-statin treatment and routine care 
(such as low-fat diet therapy). Studies that compared two 
different statins, different dose of one satin, or a statin 
with a non-statin regime (including fibrate therapy) were 
excluded. We defined CKD according to the Kidney 
Disease Outcomes Quality Initiative (KDOQI) guidelines". 
We also excluded studies that included children with 
CKD, adult patients on dialysis (peritoneal dialysis or 
hemodialysis), and kidney transplant recipients. The 
outcomes of interest were end-stage renal disease 
(ESRD), doubling of serum creatinine level, a reduction 
of estimated glomerular filtration rate (eGFR) by over 
25%, and changes of eGFR from the baseline at the end 
of follow-up. As creatinine clearance is commonly used 
as an estimate of GFR in spite of their conceptual 
differences "7. we used creatinine clearance 
interchangeably with GFR to assess the outcomes of the 
patients. 


Data extraction and study quality assessment 


Two reviewers independently screened the titles 
and abstracts of the potentially eligible articles, and 
subsequently reviewed the full texts of these articles. 
We extracted the data of the study sample, participant 
characteristics, interventions, and outcomes. Where 
more than one publication of one study were found, we 
treated it as one study and combined these reports and 
extracted the complete data. Any disagreements were 
resolved by consensus. Two authors independently 
assessed the risk of bias in the included studies using 
the risk of bias assessment tool " and examined the 
sequence generation, allocation concealment, blinding 
of investigators, participants, and outcome assessors, 
completeness of the outcome data, use of intention- 
to-treat analysis, selective reporting, and other bias. 


Data synthesis and analysis 


We used relative risk ratios (RR) with 95% 
confidence interval (CI) to assess the results of 
dichotomous outcomes (ESRD events, doubling of serum 
creatinine level, and an eGFR reduction by over 25%). 
For continuous outcomes (changes in eGFR from 
baseline at the end of follow-up), we calculated the 
standardized mean differences (SMD) with 95% CI, 
where different scales were used (scales of reported 
eGFR included mL/min, mL/min/1.73 m’, and mL/min/ 
1.73 m’/year). When standard deviations (SDs) were 
unavailable and only the baseline and follow-up eGFR 
was available, the missing SDs and changes in eGFR 
from baseline to follow-up were obtained according to 
the Cochrane Handbook "`". We used the random effects 
model to pool the data because of the differences among 


studies, particularly in such clinical characteristics as 
statin types and doses, clinical populations, and 
duration of follow-up. We used the Cochran Q test and P 
test to assess heterogeneity. A P value <0.05 was 
considered to indicate a significant difference and P 
values of 25% , 50% and 75% indicated low, medium 
and high levels of heterogeneity, respectively”. 

We conducted subgroup analyses to explore the 
effects of baseline eGFR, statin types, and statin 
intensity on the renal parameters. We defined mild CKD 
as a baseline eGFR =60 mL/min/1.73 m’, moderate 
CKD as a baseline eGFR of 30-59 mL/min/1.73 m’, and 
severe CKD as a baseline eGFR of<30 mL/min/1.73 m’. 
The intensity of statin therapy was categorized as 
high-intensity, moderate-intensity, and low-intensity 
according to the definitions from the recent American 
College of Cardiology/American Heart Association 
guidelines ™'. High-intensity statin therapy was defined 
as one with a therapeutic target of lowering LDL-C by 
50% (using atorvastatin at 40-80 mg or rosuvastatin at 
20-40 mg), moderate-intensity statin therapy as a 
decrease in LDL-C by 30% to 50% (using atorvastatin at 
10-20 mg, rosuvastatin at 5-10 mg, simvastatin at 
20-40 mg, fluvastatin XL at 80 mg, fluvastatin at 40 mg 
bid, pravastatin at 40-80 mg, lovastatin at 40 mg, or 
pitavastatin at 2-4 mg), and low-intensity statin therapy 
as lowering LDL-C by approximately<30% (using 
simvastatin at 10 mg, fluvastatin at 20-40 mg, 
pravastatin at 10-20 mg, lovastatin at 20 mg, or 
pitavastatin at 1 mg). A funnel plot was constructed to 
assess publication bias. Sensitivity analysis was 
performed to assess the overall effects of statins by 
including only those studies that reported blinding of the 
participants, investigators, and outcome assessors. In 
additional sensitivity analysis, we excluded studies with 
a follow-up less than 1 year. 


RUSULTS 
Study selection 


Fig.1 shows the flow chart for literature search and 
selection of articles. We retrieved 129 potentially 
eligible articles for further assessment, of which 30 
RCTs (45 688 participants) of 28 studies 12771 met our 
inclusion criteria. Three studies provided data on ESRD, 
2 studies provided data on doubling the serum 
creatinine level, 4 studies including 6 RCTs (one study 
including 3 RCTs “) provided data on an eGFR 
reduction by over 25%, and 24 studies reported changes 
in eGFR. The investigated statins included simvastatin 
(6 studies), pravastatin (8 studies), fluvastatin (3 studies 
each), atorvastatin (6 studies), cerivastatin (1 study), and 
lovastatin (1 study). 


Characteristics of included studies and risk of bias 


The characteristics of the included studies are 
shown in Tab.1. The follow-up ranged from 3 months to 
6 years. The mean age of the included participants was 
58.4 years and 67.4% of the participants were men. The 
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2739 records identified 
through database 
searching 


L 


2211 records after removal 
of duplicates 


d 


2211 records screened 
through reviewing title > 
and abstract 


2082 records excluded 


101 full-text articles excluded 
for reasons of: 

Not ckd (n=9) 

Wrong intervention (n=14) 
Not RCT (n=27) 

129 full-text articles 5 Short follow-up duration (n=3) 
assessed for eligibility No relevant outcomes (n=22) 


Duplicate studies (n=18) 
Cross-over study (n=3) 


Data not permitted calculation (n=5) 


Ris 


30 RCTs in 28 studies included 
in quantitative synthesis 
(meta-analysis) 


Fig.1 Flow chart of literature search and selection. 


included studies showed a high risk of bias (Fig.2). Of 
the 28 included studies, 8 reported random sequence 
generation and allocation concealment, while 14 
reported blinding participants and personnel, 9 reported 
blinding outcome assessors, and 10 were considered to 
have a low risk for incomplete outcome data reporting. 
Adverse events were reported in 13 studies. The risk of 
bias due to sources of funding was low in 11 studies. 


Effects of statin therapy on progression to ESRD 


Three studies of 13 788 participants evaluated the 
effects of statins on ESRD events (Fig.3). These studies 
showed no substantial heterogeneity Us, P=0.78) and 
reported little or no effect of statins in preventing 
progression of CKD to ESRD (RR 0.98, 95% CI: 
0.91-1.05). We did not perform subgroup analyses 
because of the small number of studies included. 


Effects of statins on doubling of serum creatinine level 


Two studies of 9512 participants reported that 
statin therapy showed no beneficial effect on doubling of 
serum creatinine level (RR 1.43, 95% CI: 0.26=7.79; 
Fig.4). These two studies showed a moderate 
heterogeneity (?'=46%, P=0.17) and we did not perform 
subgroup analyses for the small sample size. 


Effects of statins on eGFR reduction by over 25% 
The results of 4 studies involving 17 081 


participants showed a probable beneficial effect of statin 
therapy on eGFR reduction by over 25% (RR 0.91, 95% 


CI: 0.83-0.99; Fig.5). These studies showed no 
significant heterogeneity (70, P=0.40) and we did not 
perform subgroup analyses of these studies. 


Effects of statins on changes of eGFR 


Twenty-four RCTs (including a subgroup in 
ALLHAT 2008 and one in MEGA 2009) involving 25 
429 participants estimated the effects of statins on 
changes of eGFR. Overall, the SMD for the effects on 
eGFR changes was statistically significant (SMD 0.04, 
95% CI: 0.02-0.07; Fig.6). These RCTs had no 
heterogeneity (’=0%, P=0.79). To explore the effects of 
baseline eGFR and statin types on eGFR changes, we 
conducted a subgroup analysis according to baseline 
eGFR and statin types. The result showed that the 
benefit of statin therapy was statistically significant in 
moderate CKD subgroup of 7491 participants (SMD 
0.09, 95% CI: 0.04=0.13; P=0% , P=0.97; Fig.6). 
However, statin therapy had no significant effect on 
eGFR changes in mild (11 693 participants; SMD 0.02, 
95% CI: -0.02-0.05; P’=0% , P=0.57) and severe Lonly 
one study (SHARP 2014) of 6 245 participants; SMD 
0.04, 95% CI: -0.01-0.09] CKD subgroups. Among 
these statins, only atorvastatin had a beneficial effect on 
eGFR changes (SMD 0.10, 95% CI 0.03-0.17) (Fig.7). 
However, the effects of other statins were not significant 
[simvastatin SMD 0.05, 95% Cl: -0.00-0.10; 
pravastatin: SMD 0.04, 95% CI: 0.00-0.08; fluvastatin: 
SMD -0.06, 95% CI: -0.29-0.17; rosuvastatin: SMD 
0.13, 95% CI: -0.13 to 0.39; cerivastatin (only one 
study); SMD -0.35, 95% CI: -0.98-0.27]. The benefit of 
statin therapy on eGFR changes was statistically 
significant in studies of high-intensity statin as 
compared with controls (SMD 0.12, 95% CI: 0.02-0.21; 
Fig.8). No statistically significant difference of eGFR 
changes was found in patients receiving moderate- 
intensity (SMD 0.04, 95% CI: 0.00-0.07) or 
low-intensity (SMD 0.05, 95% CI: -0.01-0.10) therapy. 
In sensitivity analysis, we found that the results were 
robust when only those studies reporting blinding 
techniques were included. Statin therapy still had a 
favorable effect when trials with follow-up periods <1 


year were excluded (SMD 0.04, 95% CI: 0.02-0.07). 
Publication bias 


There was no asymmetry of the funnel plot 
regarding eGFR changes, suggesting the absence of 
publication bias in the included studies (data not 
shown). Although we planned to examine publication 
bias of other outcomes using funnel plots, the small 
number of included studies prohibited this ””. 


DISCUSSION 


The findings of this meta-analysis of the 28 studies 
suggest that statins appeared to have little or no effect 
on doubling of serum creatinine level and in preventing 
progression of CKD to ESRD, but can be beneficial to 
improve GFR or reduce the decline of GFR. 
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Fig.3 Effects of statins compared with control on progression to ESRD in adults with CKD not requiring dialysis therapy. 
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Fig.4 Effects of statins compared with control on doubling of serum creatinine level in adults with CKD not requiring 

dialysis therapy. 
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Fig.5 Effects of statins compared with control on an eGFR reduction by over 25% in adults with CKD not requiring 


dialysis therapy. 


Hyperlipidemia may play an important role in the 
progression of kidney disease*** by exacerbating loss of 
kidney function and damaging the glomerular basement 
membrane ™. Statins are known to have pleiotropic 
effects” 17 and their renoprotective effects are probably 


mediated by improving endothelial dysfunction "7. 


increasing renal perfusion, modulating inflammatory 
response to dyslipidemia "7. and attenuating cell 
apoptosis ™. 


Previous studies that evaluated the effects of 
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Fig.6 Changes in standardized mean differences (SMD) of eGFR in patients with statin therapy compared with controls. 


statins on progression of CKD yielded inconsistent 
results. Some studies reported benefits of statins on 
slowing down GFR reduction" * *', while some others 
did not show any benefits to the renal outcomes TT. 
The first meta-analysis of 13 studies by Fried et al 
found a modest improvement of kidney function in 
patients receiving statin therapy, but this finding did not 
seem convincing given the small number of studies and 
participants included, short duration of observation and 
poor study quality. In another meta-analysis of 27 
randomized trials, Sandhu et al " found that statin 
therapy modestly slowed down the rate of kidney 
function loss by 1.22 mL/min per year, but apart from 
the substantial heterogeneity of the studies included, 
they failed to provide the clinically relevant outcome of 
interest: progression of CKD to ESRD. The findings of a 
Cochrane systematic review have indicated that statins 
have uncertain effects on progression of kidney 
disease “. In this meta-analysis, we studied the 
clinically relevant outcomes and found that statin 
therapy had little or no effect on doubling of serum 
creatinine levels or progression of CKD to ESRD. We 


[54] 


also studied the effects of statins on eGFR reduction by 
over 25% and found that statin therapy may be 
beneficial to improve GFR in CKD patients. 

Based on the overall pooled data from 24 studies of 
25 429 participants, we found beneficial effects of statin 
therapy on eGFR changes in CKD patients. A subgroup 
analysis of the Management of Elevated Cholesterol in 
the Primary Prevention Group of Adult Japanese 
(MEGA) study suggested that the effect of statin therapy 
is subjected to influences by baseline eGFR and 
pravastatin may prove beneficial on renal function in 
patients with moderate CKD "7. In our meta-analysis, we 
took baseline eGFR into consideration and found that 
statin treatment did not significantly reduce kidney 
function loss in patients with mild or severe CKD, but 
showed a significant beneficial effect in the much larger 
subgroup of moderate CKD, suggesting the potential 
benefit of statins for patients with moderate CKD. To 
evaluate the drug-specific effects on renal function, we 
conducted a subgroup analysis by statin types and found 
that only atorvastatin produced a beneficial effect on 
eGFR changes, which was consistent with the finding in 
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Fig.7 Changes in standardized mean differences (SMD) of eGFR in patients receiving different statins compared with controls. 


dose-response effect of statins in CKD patients. 

We noted that the outcomes of ESRD events and 
doubling of serum creatinine level were inconsistent 
with the outcomes of kidney functions. This 
inconsistency might arise from the difference in the 
studies included in the analysis, as we analyzed 24 
studies for the effects of statins on eGFR changes, but 
only 3 studies and 2 studies were available that 
examined the effects of statins on progression of CKD to 
ESRD and on doubling of serum creatinine level, 
respectively. The difference in clinical characteristics of 
the study participants across the analyses also 
contribute to the inconsistency in the outcomes. For 


a previous meta-analysis 17. The effects of statin therapy 
on kidney function are associated with statin doses. 
According to Sanguankeo et al °°, a high-intensity statin 
therapy was associated with improved kidney function, 
which was consistent with our findings in subgroup 
analysis that high-intensity statin therapy produced a 
significant beneficial effect on eGFR changes as compared 
with moderate- and low-intensity statin therapies. 
Compared with the study by Sanguankeo et al ". we 
included more RCTs with large sample sizes without 
substantial heterogeneity among the studies. Our results 
demonstrate that reduced LDL-C levels are significantly 
associated with eGFR changes and suggest a probable 
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Fig.8 Changes in the standardized mean differences (SMD) 


intensities compared with controls. 


instance, the mean baseline eGFR was 26.6 mL/min/ 
1.73 m in the SHARP study *” as compared to 30.5 mL/min/ 
1.73 m? in the LORD study "7". In the SHARP study, the 
high proportion (63%) of non-dialysis patients with stage 
4 or 5 CKD at randomization possibly diminished the 
beneficial effects of statin therapy on progression of 
CKD to ESRD. The differences across the studies in 
statin types used, the intensity of statin therapy, and the 
duration of patient follow-up are all factors that may 
influence the overall effects of statins on the progression 
of CKD. The LORD study, for instance, found that the 
decline in GFR was lessened during the first 2 years and 
at the end of the follow-up period, and no significant 
differences were found between the statin and placebo 
groups”. 

There were some limitations in our analysis. First, 
we included post-hoc analyses of CKD subgroups from 
RCTs not specifically designed to assess patients with 
CKD, which may have introduced bias; Second, few of 
the included studies directly addressed the effects of 
statins on renal outcomes in CKD patients; Third, the 
measurement of kidney function differed among some 
RCTs; Fourth, although there was no substantial 
heterogeneity in this study, we should not ignore the 


of eGFR in patients receiving statins therapy of different 


differences among the RCTs, especially the clinical 
heterogeneity; Lastly, in some studies, patients also 
received concomitant therapy, which may introduce bias 
to our results. 


Conclusion 


Although statins may not prevent the progression of 
CKD to ESRD and the doubling of the serum creatinine 
level, they appear to improve GFR or reduce the decline 
in GFR in CKD patients. These effects of statins are 
probably associated with the patients’ baseline eGFR 
level, statin types used, and the intensity of statin 
therapy received. 
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